Co-chaperone regulation of conformational switching in the Hsp90 ATPase cycle.
ATP hydrolysis by the Hsp90 molecular chaperone requires a connected set of conformational switches triggered by ATP binding to the N-terminal domain in the Hsp90 dimer. Central to this is a segment of the structure, which closes like a "lid" over bound ATP, promoting N-terminal dimerization and assembly of a competent active site. Hsp90 mutants that influence these conformational switches have strong effects on ATPase activity. ATPase activity is specifically regulated by Hsp90 co-chaperones, which directly influence the conformational switches. Here we have analyzed the effect of Hsp90 mutations on binding (using isothermal titration calorimetry and difference circular dichroism) and ATPase regulation by the co-chaperones Aha1, Sti1 (Hop), and Sba1 (p23). The ability of Sti1 to bind Hsp90 and arrest its ATPase activity was not affected by any of the mutants screened. Sba1 bound in the presence of AMPPNP to wild-type and ATPase hyperactive mutants with similar affinity but only very weakly to hypoactive mutants despite their wild-type ATP affinity. Unexpectedly, in all cases Sba1 bound to Hsp90 with a 1:2 molar stoichiometry. Aha1 binding to mutants was similar to wild-type, but the -fold activation of their ATPase varied substantially between mutants. Analysis of complex formation with co-chaperone mixtures showed Aha1 and p50cdc37 able to bind Hsp90 simultaneously but without direct interaction. Sba1 and p50cdc37 bound independently to Hsp90-AMPPNP but not together. These data indicated that Sba1 and Aha1 regulate Hsp90 by influencing the conformational state of the "ATP lid" and consequent N-terminal dimerization, whereas Sti1 does not.